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A recent outbreak of pneumonia in Wuhan, China was caused by 2019 novel 
coronavirus (2019-nCoV). Here we reported 12 patients with 2019-nCoV 
infections in Shenzhen, China; all of them developed pneumonia and half 
developed acute respiratory distress syndrome (ARDS). We demonstrated the 
plasma cytokine profiles of these 12 patients. Thirty-eight out of 48 cytokines 
measured in the plasmas of 2019-nCoV infected patients were significantly 
elevated compared to healthy individuals. Seventeen cytokines were linked to 
2019-nCoV load. Fifteen cytokines, M-CSF, IL-10, IFN-a2, IL-17, IL-4, IP-10, IL- 
7, IL-1ra, G-CSF, IL-12, IFN-y, IL-1a, IL-2, HGF, and PDGF-BB, were strongly 
associated with lung injury Murray score, and could predict disease severity of 
2019-nCoV infections according to area under the curve (AUC) of the receiver- 
operating characteristics (ROC) calculations. Our results suggest that 2019-nCoV 
infections trigger extensive changes in a wide array of cytokines, some of these 
cytokines could be potential biomarkers of disease severity of 2019-nCoV 
infections. These findings improve our understanding of the immunopathologic 
mechanisms of this emerging and still evolving disease and suggest that 
modulators of cytokine responses could play a therapeutic role in combating the 


disease. 


Since the outbreak of 2019 novel coronavirus (2019-nCoV) infections in late December, 
2019 in Wuhan, Hubei Province, Сһіпа!, the number of infected persons has exceeded 
10,000 and already surpassed that of the previous severe acute respiratory syndrome 
(SARS) epidemic'®. Hitherto, reflecting the geographical reach of the pandemic-prone 
coronaviruses, 2019-nCoV-infected cases have been reported in Thailand!!, Germany”, 
the USA? and other parts of the world. The mortality rate is 15% for a case series of 
41 hospitalized patients with 2019-nCoV infections in Wuhan, China?, compared with 
10% for SARS-CoV and 37% for Middle East respiratory syndrome coronavirus 
(MERS-CoV)". Although 2019-nCoV, the seventh reported human-infecting member 
of the family Coronaviridae, which also includes SARS-CoVP and MERS-CoV!*!”, 
has been identified as the causative agent, the immunopathologic mechanisms of 2019- 


nCoV-associated diseases have not been elucidated. 


One prominent feature of 2019-nCoV infections is the presence of acute respiratory 
distress syndrome (ARDS) in a sizable proportion of the documented 2019-nCoV- 
infected cases: 29% (12/41) in the series by Huang et al’. and 17% in a series of 99 
cases of 2019-nCoV pneumonia". An elevated production of proinflammatory 


cytokines/chemokines'? or even hypercytokinemia???! 


, also known as cytokine storm, 
is present in SARS-CoV and MERS-CoV infections??? and contributes to acute lung 
injury and development of ARDS”. In this study, we examined the plasma 
cytokine/chemokine profile of 12 patients with laboratory-confirmed 2019-nCoV 


infections in Shenzhen, China versus 8 healthy subjects, 8 bacterial pneumonia patients, 


and 8 patients with influenza virus A H7N9 infections (see Extended Data Table 1). 


Analysis using the Bio-Plex Pro Human Cytokine Screening Panel revealed that 
extensive and significant elevations in 38 out of 48 plasma cytokines/chemokines in 
patients with severe 2019-nCoV pneumonia (2019-nCoV-S) versus healthy individuals, 
suggesting the occurrence of hypercytokinemia in 2019-nCoV-S patients (see Extended 
Data Table 2). Overall, the plasma cytokine/chemokine levels in 2019-nCoV-S patients 
were markedly lower than H7N9 influenza virus A-infected patients, but moderately 
higher than patients with bacterial pneumonia (see Extended Data Table 2). In addition, 
the plasma cytokine/chemokine levels were higher at week 2 than week 1 from 
symptomatic onset of 2019-nCoV infections (see Extended Data Table 3). The plasma 
cytokine/chemokine levels were comparable between days 8-14 since illness onset and 
day 15 after illness onset, indicating persistent elevations of plasma 
cytokines/chemokines at the later stage of the disease (see Extended Data Table 3), 


which are consistent with clinical features of 2019-nCoV infections 12723, 


We quantified viral ЕМА loads in throat swabs, sputum, and 
bronchoalveolar lavage fluid (BALF) samples by quantitative reverse transcription 
polymerase chain reaction (qRT-PCR) (see Extended Data Table 4). Our Spearman 
correlation analysis revealed that 2019-nCoV viral load was highly positively 
associated with the plasma levels of 16 cytokines (M-CSF, IL-10, IFN-a2, IL-13, IL- 
17, IL-4, IP-10, IL-1, IL-7, IL-1ra, G-CSF, IL-12, IFN-y, IL-1a, IL-2, and HGF), and 
negatively associated with PDGF-BB (Table 1). The findings suggest that 2019-nCoV 
infection was associated with an elevated production of a wide array of 


cytokines/chemokines in the plasma of 2019-nCoV infected patients. 


Using Spearman rank coefficient correlation analysis, we discovered a strong positive 
linear association between the plasma levels of 15 cytokines (IL-12, IFN-y, IL-2, HGF, 
IFN-o2, IL-4, IL-17, IP-10, G-CSF, IL-10, IL-1ra, M-CSF, IL-1a, and IL-7) in 2019- 
nCoV-infected patients and lung injury Murray score and a negative association 
between PDGF-BB and Murray score (Fig. 1). The area under the curve (AUC) of the 
receiver operating characteristic (ROC) was above 0.8 for each of these 15 cytokines, 
indicating that these cytokines could predict disease severity of 2019-nCoV infections 
(Fig. 2). Furthermore, the plasma cytokines/chemokines levels in 2019-nCoV-S 
patients were significantly different than 2019-nCoV-M patients (Fig. 3). Our data 
suggested that these 15 cytokines may be biomarkers for disease severity in 2019-nCoV 


infected patients. 


In summary, we have demonstrated that hypercytokinemia occurred in 2019-nCoV 
infected patients. We have discovered that 15 cytokines are linearly associated with 
lung injury (Murray score) and may be potential biomarkers for disease severity. These 
cytokines include anti-viral cytokines IFN-a2 and IFN-y, IL1ra, IL2, 4, 7, 10, 12 and 
17, chemokine IP-10, as well as G-CSF and M-CSF. It is interesting that the levels of 
proinflammatory cytokines Thl, Th2, and Th17 were all increased. Previous studies 
have demonstrated marked elevation of IP-10, IL-6, IL-8, MCP1, and MIP-1a in 


serums from SARS-CoV infected patients ^?* 


, and a significant increase of IL-10, 15, 
and 17 as well as IFN «2 and y in plasma samples collected from MERS-CoV infected 


atients!®!7, Although measurements of plasma cytokines were not performed at the 
p 5, р р 


same time, the increased level of cytokines in blood samples from SARS-CoV!>4 and 


MERS-CoV" infected patients appeared considerably higher than levels in 2019-nCoV 
infected patients. The most extreme case of hypercytokinemia detected in humans may 
come from serum samples of patients infected with avian influenza A virus. In some 
cases, hypercytokinemia factors have been associated with; IP-10, MCP-1, MIG, and 
IL-8 of patients infected with H5N1 virus?*?6, as well as MIF, SCF, MCP-1, HGF, 


SCGF-beta, IP-10, IL-18, and IFN-y in patients infected with H7N9 virus?^?7. 


Although the mechanisms of cytokine-mediated communication are largely unknown, 
attempts to use cytokines or cytokine inhibitors therapeutically have been increasingly 
successful??? Interferon о and y have been frequently used clinically despite their 


unpleasant side effects??? 


, and interferon y is an officially recommended drug for 
treatment of 2019-nCoV infected patients in China National Health Commission 
Guidelines for Diagnosis and Treatment of 2019-nCoV Pneumonia?. A number of 
antagonistic antibodies to cytokines have been used clinically or in clinical trials for the 
treatment of autoimmune or autoinflammatory diseases (including monoclonal 
antibodies against IL-1?^, IL-1078, IL-12°5, IL-17°°, and IP-10?7). These antibodies сап 


be repurposed to attenuate hypercytokinemia in 2019-nCoV infected patients and may 


provide potential treatment for the current outbreak of 2019-CoV. 


METHODS 


Experimental ethics policy 


The study protocol was approved by the Ethics Committees of Shenzhen Third People's 


Hospital (SZTHEC2016001). Verbal informed consents were obtained from all patients 
or patients family members. The study was conducted in accordance with the 
International Conference on Harmonisation Guidelines for Good Clinical Practice and 


the Declaration of Helsinki and institutional ethics guidelines. 


Acquisition of clinical specimens 


Throat swabs, rectal swabs, and sputum, and BALF specimens were collected within 
24 hours of blood sample collection from laboratory-confirmed 2019-nCoV cases upon 
admission in January 2020 and at various time points thereafter. Plasma samples were 
collected from 8 healthy subjects undergoing wellness examination in the hospital in 
the interim. In addition, we obtained archived plasma samples from 8 patients with 
laboratory-confirmed H7N9 infections who were hospitalized between January 2015 and 
March 2017, and 8 bacterial pneumonia patients who were hospitalized between August 


and December 2019. 


qRT-PCR 


Viral RNAs were extracted from clinical specimens using the ОІАатр RNA Viral Kit 
(Qiagen, Heiden, Germany) as instructed by the manufacturer. They were amplified by 
quantitative reverse transcription polymerase chain reaction (qRT-PCR) using primers 
and probes recommended by Chinese Center for Diseases Control and Prevention 
(China CDC)*5, and a commercially available kit for 2019-nCoV detection (GeneoDX 


Co., Shanghai, China). Samples with a cycle threshold (Ci) value < 38.0 were 


considered putatively positive. Samples whose C; was higher than 38 were re-tested 
and considered positive if Ci was 238 but < 40 and negative if viral RNAs were 


undetectable on the second test. 


Disease severity classification and Murray Score calculation 


Severity of 2019-nCoV infection was graded according to China National Health 
Commission Guidelines for Diagnosis and Treatment of 2019-nCoV infection. Briefly, 
a patient was considered to have mild 2019-nCoV pneumonia (2019-nCoV-M) if he or 
she had fever, respiratory manifestations and radiological findings indicative of 
pneumonia. A patient was considered to have severe 2019-nCoV pneumonia (2019- 
nCoV-S) if he or she met any of the following: 1) respiratory distraction (respiration 
rate>30/min; 2) resting oxygen saturation<93%, or 3) arterial oxygen partial pressure 
(PaO2)/ fraction of inspired oxygen (FiO2) X300 mmHg (1 mmHg = 0.133 kPa). a 
patient was considered to have critical 2019-nCoV pneumonia (2019-nCoV-C) if he or 
she had any of the following: 1) respiratory failure requiring mechanical ventilation, 2) 
shock, or 3) failure of other organs requiring ICU care. Clinicopathological variables 
of 12 patients with 2019-nCoV infections including 4 2019-nCoV-M patients, 5 2019- 
nCoV-S patients and 3 2019-nCoV-C patients were collected at admission, and disease 


severity was assessed using Murray scores??. 


Cytokine and chemokine measurements 


Plasma concentrations of 48 cytokines and chemokines were measured in duplicate 


using Bio-Plex Pro Human Cytokine Screening Panel (48-Plex #12007283, Bio-Rad) 
according to the manufacturer’s instructions. The plasma samples were fixed in 2% 


paraformaldehyde before analysis and measured in biosafety level III laboratory. 


Statistical analysis 


The Spearman rank correlation coefficient was used for linear correlation analysis 
between plasma cytokine levels and Murray score of patients with 2019-nCoV 
infections. The area under the receiver operating characteristic (ROC) curve (AUC) of 
plasma cytokine levels was estimated for 2019-nCoV-M and 2019-nCoV-S infections. 
ANOVA or Mann—Whitney U test were used to compare plasma cytokine levels among 
the groups. All statistical tests were calculated using SPSS 16.0 for Windows (SPSS, 
Inc., Chicago, IL, USA). A two-tailed P value of less than 0.05 was considered to be 


statistically significant. 
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Table 1. Correlation between cytokine levels and viral Ct value of patients with 
laboratory-confirmed 2019-nCoV infection. 


| Ct value 
Cytokine Spearman P value 
M-CSF -0.728 0.001 
IL-10 -0.685 0.002 
IFN-a2 -0.653 0.003 
IL-13 -0.636 0.005 
IL-17 -0.608 0.007 
IL-4 -0.593 0.009 
IP-10 -0.568 0.014 
IL-16 -0.521 0.026 
IL-7 -0.514 0.029 
IL-1ra -0.514 0.029 
G-CSF -0.511 0.030 
IL-12 (p40) -0.511 0.030 
IFN-y -0.508 0.031 
IL-1a -0.505 0.033 
IL-2 -0.490 0.039 
HGF -0.470 0.049 
PDGF-BB 0.677 0.002 
MCP-3 -0.462 # 
MIP-1« -0.440 # 
MCP-1 (MCAF) -0.422 # 
GM-CSF -0.418 # 
SCF -0.372 - 
IL-6 -0.367 - 
MIG -0.362 - 
IL-8 -0.361 - 
IL-18 -0.332 - 
IL-3 -0.310 - 
B-NGF -0.292 - 
SCGF-B -0.279 - 
IL-12 (p70) -0.278 - 
FGF basic -0.263 - 
TRAIL -0.247 - 
TNF-a -0.208 - 
IL-2Ra -0.018 - 
LIF 0.033 - 
SDF-1« 0.124 - 
TNF-B 0.128 - 
CTACK 0.180 - 


The viral titers were measured in 18 samples from 10 patients infected 
with 2019-nCoV. #: P value [0.05,0.1), - : P value >0.05 
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Fig. 1 Murray Score highly correlates with plasma cytokine levels in patients with 2019-nCoV infections. 
The plasma levels of cytokines (IL-12, IFN-y, IL-2, HGF, IFN-a2, IL-4, IL-17, IP-10, G-CSF, IL-10,IL-1ra, 
M-CSF, IL-1a, IL-7 and PDGF-BB) were measured in a total of 25 blood samples from 12 patients with 
2019-nCoV infections. Clinical indicators from the same day of blood sample collection were used to 
calculate Murray Score (an indicator of lung injury severity). Spearman rank correlation analysis (r) 
was used for linear correlation analysis. 
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Fig. 2 The ROC curve of plasma cytokine levels for patients with mild and severe 2019-nCoV-infections. 
The area under the receiver operating characteristic (ROC) curve (AUC) of the plasma cytokine levels 
(IL-12, IL-1ra, IP-10, PDGF-BB, IFN-a2, IFN-y, M-CSF, IL-17, HGF, G-CSF, IL-2, IL-4, IL-10, IL-1a 
and IL-7) was estimated in eight samples from four mildly infected 2019-nCoV- patients and 17 samples 
from eight severely infected patients. The P values of all AUC for plasma cytokine levels were less than 0.05. 
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Fig. 3 Plasma cytokine levels in healthy controls, bacteria pneumonia patients, H7N9-infected 

patients and 2019-nCoV-infected patients The plasma levels of cytokines (M-CSF, IL-10, IFN-a2, 

IL-17, IL-4, IP-10, IL-7, IL-1ra, G-CSF, IL-12 (p40), IFN-y, IL-1a, IL-2, HGF, and PDGF-BB) were 
measured in eight samples from eight healthy controls, eight samples from eight bacteria pneumonia 
patients, eight samples from eight H7N9-infected patients, eight samples from four 2019-nCoV-infected 
patients with mild illness (2019-nCoV-M) and 17 samples from eight patients with severe 2019-nCoV 
infection (2019-nCoV-S). Detailed information is shown in Extended Data Table 2. 

*P < 0.05, **P < 0.01, ***P < 0.001. 


Extended Data Table 1. Epidemiological and clinical features of subjects hospitalized with 
2019-nCoV, H7N9 avian influenza virus and bacterial infections. 


Characteristics 
Median age (range) 
Age subgroups 
0-15 years 

16—59 years 

>60 years 

Male (%) 

Initial symptoms 
Fever 

Cough 

Headache 

Myalgia 

Chill 

Nausea or vomiting 
Diarrhea 
Co-existing chronic 
medical conditions 


Chronic heart disease 
Chronic lung disease 


Chronic renal disease 


Chronic liver disease 
Diabetes 

Cancer 

Bacterial co- 
infections 


2019-nCoV 
62.5 (10-72) 


1/12 (8.3%) 
4/12 (33.3%) 
7/12 (58.3%) 
8/12 (66.7%) 


9/12 (75%) 
12/12 (100%) 
0/12 (0%) 
4/12 (33.3%) 
5/12 (41.7%) 
2/12 (16.7%) 
3/12 (25%) 


6/12 (50%) 


4/12 (33.3%) 
1/12 (8.3%) 
2/12 (16.7%) 


1/12 (8.3%) 
2/12 (16.7%) 
0/12 (0%) 


2/12 (16.7%) 


Interval, median days (IQ +R) 


Onset to admission 
Onset to starting 
antiviral treatment 
Onset to laboratory 
confirmation 
Complications 
Pneumonia 

ARDS 
SevereARDS 
Respiratory failure 


Hepatic insufficiency 


Renal insufficiency 
Cardiac failure 
Shock 

Treatment 
Received antiviralss 
2 days after illness 
onset 

Received antivirals 
3-5 days after illness 
onset 

Received antivirals 
6 days after illness 
onset 

Corticosteroid 
Mechanical 
ventilation 

NA: Not applicable. 


6.5 (b, 9.25) 
6 (5, 9.25) 


7 (4.5, 14.5) 


12/12 (100%) 
6/12 (50%) 
2/12 (16.796) 
3/12 (25%) 


2/12 (16.7%) 


2/12 (16.7%) 
1/12 (8.3%) 
1/12 (8.3%) 


1/12 (8.3%) 


4/12 (33.3%) 


7/12 (58.3%) 


2/12 (16.7%) 
5/12 (41.7%) 


H7N9 
56 (21-67) 


0/8 (0%) 

6/8 (75%) 
2/8 (25%) 
5/8 (62.5%) 


8/8 100%) 
7/8 (75%) 
3/8 (37.5%) 
418 (50%) 
5/8 (62.5%) 
0/8 (0%) 

2/8 (25%) 


6/8 (50%) 
48 (33.3%) 
5/8 (41.7%) 


2/8(16.7%) 


3/8 (25%) 
6/8 (50%) 
48 (33.3%) 


7/8 (87.5%) 


6 (4.75, 7) 
5.5 (3.75, 6.25) 


7 (5.75, 8.25) 


8/8 
7/8 


~ 


100%) 
87.5%) 
5/8 (62.5%) 
7/8 (87.5%) 


4/8 (50%) 


2/8 (25%) 
3/8 (37.5%) 
1/8 (12.5%) 


—_~—~ —~ 


1/8 (12.5%) 


3/8 (37.5%) 


48 (50%) 


8/8 (100%) 
7/8 (87.5%) 


Bacteria 
41 (31.5-49) 


1/8 (12.5%) 
5/8 (62.5%) 
2/8 (25%) 
5/8 (62.5%) 


5/8 (62.5%) 
3/8 (37.5%) 
1/8 (12.5%) 
0/8 (0%) 
0/8 (0%) 
1/8 (12.5%) 
0/8 (0%) 


5/8 (62.5%) 


2/8 (25%) 
1/8 (12.5%) 
0/8 (0%) 


0/8 (0%) 
0/8 (0%) 
1/8 (12.5%) 


NA 


1 (0, 3.5) 
NA 


6 (4.5, 8) 


8/8 (100%) 
6/8 (75%) 
2/8 (25%) 
5/8 (62.5%) 


4/8 (50%) 


5/8 (62.5%) 
3/8 (37.5%) 
4/8 (50%) 


NA 
NA 


NA 


2/8 (25%) 
7/8 (87.5%) 


Control 
28 (25-34) 


0/8 (0%) 
8/8 (100%) 
0/8 (0%) 
4/8 (50%) 


(0%) 
(0%) 
(0%) 
0/8 (0%) 
0/8 (0%) 
(0%) 
(0%) 
(0%) 


0/8 
0/8 


(0%) 
(0%) 
(0%) 
0/8 (0%) 
(0%) 
(0%) 
0/8 (0%) 


NA 


0/8 (0%) 
0/8 (0%) 
0/8 (0%) 
0/8 (0%) 
0/8 (0%) 
(0%) 
(0%) 
(0%) 


0/8 (0% 
0/8 (0% 
0/8 (0% 


NA 
NA 


NA 


NA 
NA 


Extended Data Table 2. Cytokine comparison among healthy controls, bacteria-infected patients, H7N9-infected patients and 2019-nCoV-infected 
patients (disease severity classified) 


Healthy Bacteria H7N9 2019 -nCov 
Cytokine т = z z А 
Меап ЅЕ Р value Р? value Р° value Р" value Меап ЅЕ P° value P'value Р° value Mean SE Р" value P' value ww nea М. Won ш S P' value 
IL-18 1.64 0.51 # 0.002 - 0.002 3.23 0.76 0.040 - - 6.74 1.34 0.036 # 3.10 0.71 4.12 0.42 - 
IL-1ra 156.74 740 0.001 0.001 . «0.001 «0.00 5576.32 2956.33 - 0.002 - 11882.61 7235.11 0.016 - 283.15 35.42 1460.46 409.56 <0.001 
IL-2 2.90 0.88 # 0.020 0.045 «0.00 6.89 2p - - 0.041 12.16 3.64 - - 5.46 0.38 9.71 0.88 0.002 
IL-4 0.63 0.08 0.010 0.001 0.003 «0.00 143 0.25 - - # 2.03 0.41 - - 1.27 0.12 1.92 0.15 0.007 
IL-5 0.10 0.00 - # - - 5.33 5.23 - - - 19.36 9.92 # 0.008 0.10 0.00 0.10 0.00 - 
IL-6 4.87 1.68 0.006 - - 0.004 201.55 109.57 - 0.002 - 199.98 130.85 # - 3.26 0.60 22.79 6.93 <0.001 
IL-7 10.01 0.67 - 0.020 0.002 «0.00 10.08 1.01 0.018 0.002 «0.001 17.84 2.67 - # 18.05 1.42 25.26 181 0.012 
IL-8 3.90 0.61 0.002 0.002 0.013 «0.00 74.98 32.66 - 0.021 - 102.02 53.69 0.006 - 6.53 0.55 18.80 2.84 0.001 
IL-9 232.22 14.53 - 0.027 # - 220.64 10.09 0.007 0.006 0.031 286.58 17.77 - # 264.29 4.16 248.00 4.63 0.020 
IL-10 0.89 0.66 - 0.009 0.011 «0.00 4.43 1.84 - - 0.070 24.76 15.64 - - 3.03 0.78 8.44 1.37 0.007 
IL-12 (p70) 2.64 0.87 - - - 0.010 2.33 0.68 - - 0.005 8.36 4.90 - - 3.92 0.72 6.78 0.93 0.027 
mma |L-13 2.73 0.66 - 0.026 0.008 «0.00 2.49 0.33 0.020 0.002 <0.001 8.49 2.44 - - 5.98 0.80 8.01 0.52 0.041 
ты IL-15 217.59 94.07 - - - - 157.08 66.09 - - - 423.26 187.32 - - 202.93 51.64 189.16 36.19 - 
IL-17 742 1.66 0.005 0.015 - 0.003 11.59 1.55 - - - 14.69 2.46 0.036 - 9.06 0.52 14.24 1.02 <0.001 
ОЭ Eotaxin 30.68 5.20 - - - # 41.14 10.93 - - - 56.77 13.86 - - 37.23 2.56 44.67 4.74 - 
FGF basic 30.80 1.82 - 0.020 - «0.00 42.67 5.32 - - - 64.96 18.07 - - 35.60 2.74 44.40 1.94 0.020 
" G-CSF 51.61 5.66 - 0.001 0.009 «0.00 367.40 232.15 - - - 321.14 114.59 «0.001 - 83.99 742 164.24 16.74 «0.001 
( GM-CSF 131 0.54 - # # 0.020 1.61 0.54 - - 0.036 7.99 4.11 - - 2.36 0.30 3.28 0.41 - 
s IFN-y 5121 1.12 0.010 0.001 0.006 «0.00 86.89 44.55 - - 04.98 60.00 0.005 - 1014 0.84 28.00 4.37 «0.001 
IP-10 192.09 29.31 0.002 0.001 0.002 «0.00 3293.89 2007.72 0.046 - - 22962.93 10848.70 ^ «0.001 # 453.41 60.78 3386.70 631.17 <0.001 
(СМЄР-1(МСАЕ) 8.78 1.91 # 0.024 0.036 «0.00 354.66 221.30 - - - 265.58 209.79 - - 16.25 2.81 64.83 13.83 0.004 
= MIP-1a 1.32 0.09 0.008 0.001 0.005 «0.00 6.73 2.46 - - - 5.68 1.58 0.005 - 221 0.29 4.35 0.77 0.014 
f^. J PDGF -BB 1972.26 305.97 # - - 0.010 1192.82 276.37 0.036 0.036 - 3675.14 1199.46 - 0.006 2157.76 239.56 1017.38 122.07 <0.001 
* — MIP-18 167.91 15.86 - - - - 158.80 13.59 # # - 84.35 13.52 - - 67.82 3.48 158.13 4.06 # 
СЭ RANTES 4993.07 1385.58 0.046 0.027 0.021 - 7402.33 2024.74 - - # 14094.99 4181.73 - 0.012 6699.77 661.12 4677.52 494.74 0.014 
om TNF-a 53.19 4.47 0.036 0.006 0.036 «0.00 72.20 6.84 - - - 18.23 24.93 # - 69.36 1.20 82.58 3.83 0.048 
"— VEGF 105.72 27.11 - 0.046 - - 114.11 24.96 0.045 - - 265.98 76.46 0.036 0.027 08.66 9.21 130.88 10.77 # 
CN] IL-1a 5.05 2.75 - 0.002 0.005 <0.00 15.89 6.91 0.045 - 0.012 35.82 7.71 # - 20.11 2.57 33.38 3.34 0.012 
4 IL-2Ra 53.32 6.15 0.000 0.002 - 0.004 160.43 36.94 - 0.021 - 93.98 40.71 0.003 0.020 61.41 7.01 94.64 9.83 0.041 
= IL-3 0.23 0.08 - # # 0.003 0.33 0.14 - - 0.006 1.38 0.82 - - 0.44 0.10 0.74 0.10 0.044 
EAIL-12 (рдо) ШЕЙ 11.89 0.000 0.002 0.003 <0.00 383.78 137.78 - 0.005 - 376.17 139.09 0.012 - 17.36 6.69 282.06 34.79 «0.001 
поп IL-16 19.92 11.27 0.015 0.035 # # 321.46 155.90 - - - 351.56 176.31 - - 91.35 42.02 61.56 18.03 - 
tm, IL-18 28.90 751 0.002 0.002 0.005 «0.00 305.77 82.64 - 0.012 0.041 541.14 290.27 0.027 0.048 69.90 5.79 101.17 12.93 - 
= CTACK 310.34 76.56 0.005 0.003 0.021 0.005 1469.44 451.98 - - # 1154.40 252.81 # 0.041 558.71 64.27 653.19 85.09 - 
~ 4 GRO-« 937.91 160.22 - - - - 610.87 39.31 - 0.016 - 786.16 99.14 - - 730.27 2544 652.08 18.89 # 
aœ HGF 137.42 15.75 0.001 0.002 - <0.00 2375.54 1030.70 - <0.001 0.023 2548.55 1476.82 0.001 - 66.35 9.81 872.79 278.63 <0.001 
e IFN-a2 8.30 1.84 - 0.004 0.027 <0.00 15.69 3.26 - - - 26.71 7.63 0.036 - 13.28 0.97 20.76 1.09 «0.001 
ҸӘ ЦЕ 0.10 0.00 0.011 0.027 0.027 0.001 29.48 16.43 - - - 64.48 27.74 - - 18.25 8.25 23.87 5.79 - 
(= MCP-3 1.78 0.89 - 0.004 # «0.00 20.95 11.03 - - - 19.09 13.20 0.011 - 2.64 0.40 8.73 1.19 <0.001 
„= M-CSF 14.30 1.47 0.003 0.001 0.003 «0.00 57.27 8.43 - 0.012 # 113.37 42.15 0.006 - 22.06 1.75 40.49 3.57 <0.001 
gm MIF 1095.90 372.60 0.012 0.021 0.036 - 2466.29 664.87 - - 0.017 4505.83 1729.28 - # 1438.12 177.56 1153.54 117.92 - 
кы MIG 63.20 12.69 0.010 0.001 0.016 «0.00 622.95 211.23 0.046 0.021 - 18787.15 13163.69 0.002 0.036 130.85 29.20 1088.53 315.64 0.003 
ЄЎ b-NGF 0.64 0.24 # 0.006 0.013 <0.00 3.06 1.36 - - - 4.57 2.20 0.027 - 1.54 0.14 2.63 0.34 0.009 
~ SCF 44.53 8.44 0.024 0.006 - 0.002 153.21 43.95 - - - 222.52 120.66 0.016 - 49.18 4.13 85.73 9.64 0.004 
SCGF-B 48340.78 5710.60 0.002 0.001 # 0.006 140757.32 28033.76 - 0.009 - 176450 .97 29405.62 0.002 0.012 64805.66 6401.71 99512.14 12073.24 - 
SDF-1a 693.52 98.80 0.036 - - 0.048 907.92 85.68 - - - 931.76 119.70 - - 760.08 50.90 780.15 33.18 - 
TNF-B 0.10 0.00 - 0.004 0.010 0.001 1.49 1.02 0.033 - - 6.29 1.82 - - 1.27 0.47 2.38 0.47 - 
TRAIL 27.86 1.73 - 0.014 0.002 «0.00 32.92 3.90 - - 0.027 58.34 20.27 - - 37.62 1.50 43.87 2.16 # 
P* value: Healthy vs bacteria patients Р' value: Bacteria patients vs 2019 -nCoV-M patients # : P value [0.05,0.1), - : P value >0.05 
P^ value: Healthy vs H7N9 patients P? value: Bacteria patients vs 2019-nCoV-S patients 
Р“ value: Healthy vs 2019-nCoV -M patients P" value: H7N9 patients vs 2019-nCoV-M patients 
P^ value: Healthy vs 2019 -nCoV -S patients P'value: H7N9 patients vs 2019-nCoV-S patients 
P* value: Bacteria patients vs H7N9 patients P! value : 2019 -nCoV-M patients vs 2019-nCoV -S patients 


8 samples from 8 healthy control, 8 samples from 8 bacteria -infected patients, 8 samples from 8 H7N9-infected patients, 8 samples from 4 mild 2019-nCoV -infected patients (2019 -nCoV -M) and 17 samples from 8 severe 2019- 
nCoV -infected patients (2019 -nCoV -S). 


Extended Data Table 3. Cytokine comparison among healthy controls, bacteria-infected patients, H7N9-infected patients and 2019-nCoV- 
infected patients (DayO-7, Day8-14, Day15-) 


Healthy Bacteria H7N9 2019-nCoV 
Cytokine 1 Е 5 = 
y P^value Р? маіие Р°уаше P^value  P'value Р'маіие P? value P" value P' value Mean Day 0-7 $Е —À 8-14 SE — 1% $Е P'value  P'value — P'value 
IL-18 0.037 0.020 0.019 - - - - 0.046 # 4.08 1.02 3.63 0.48 3:85 0.49 - - = 
IL-1ra 0.001 «0.001 0.003 # 0.011 - - - - 1478.23 917.46 889.43 308.43 867.02 259.33 - - - 
IL-2 0.027 0.002 0.005 - - - - - - 6.44 0.84 gon 112 7.74 0.68 - # - 
IL-4 0.004 0.00. 0.003 - - - - - - 132 0.15 1.90 0.18 1.47 0.10 0.043 - - 
IL-5 - - - - - - # 0.020 - 0.10 0.00 0.10 0.00 0.10 0.00 - - - 
IL-6 - # # 0.028 0.017 - - - - 9.98 3.54 10.07 2.22 34.62 22.56 - - 
IL-7 0.003 0.00 0.003 0.003 <0.001 0.003 = # - 17.66 1.46 25.54 2.10 19.65 1.02 0.017 - - 
IL-8 0.008 0.00. 0.003 # - - 0.049 - - 9.87 2.79 15.85 3.24 16.70 6.49 - - - 
IL-9 - - - 0.049 0.030 0.019 - - - 254.65 6.41 248.48 5.69 263.36 БӘ - - - 
IL-10 0.006 0.00. 0.009 - - - - - - 6.45 2.79 7.05 1.36 4.33 1.17 - - - 
= IL-12 (p70) - 0.014 0.040 = 0.012 0.012 - - - 3.62 0.34 6.74 112 4.78 0.53 - 0.034 - 
IL-13 0.011 0.00. 0.008 0.002 <0.001 0.003 - - - 6.61 0.90 7.65 0.67 6.86 1.06 - - - 
= ||-15 - - - - - - - - - 104.65 43.18 218.73 89:85 190.10 66.90 # - = 
Y IL-17 # 0.008 0.040 - - - - - - 10.26 0.99 13.49 1.33 11.56 0.67 - - - 
.. Eotaxin # - - - - - - - - 44.86 6.72 38.29 4.69 45.29 8.15 - - - 
FGF basic - 0.003 0.008 - - - - - - 37.23 3.52 43.14 2.51 39.63 3.85 - - - 
СЭ G-CSF 0.005 0.00 0.003 - - - # 0.036 - 107.31 14.62 148.44 23.14 136.99 26.02 - - - 
^ GM-CSF ü 0.038 # - # # - - - 243 0.36 3.15 0.48 2.37 0.38 - - - 
1 IFN-y 0.005 0.00 0.003 - - - - - - 19.65 8.00 22.36 4.59 22.20 7.14 - - - 
С) IP-10 0.002 «0.001 0.003 - - - # 0.007 # 2680.72 1294.44 1946.64 529.30 2944.85 1304.24 - - - 
MCP-1 (MCAF) 0.028 0.00 0.008 - - - - - - 34.48 1144 41.98 10.99 74.12 40.87 - - - 
Є! MIP-1« 0.009 <0.001 0.004 - - - 0.049 - - 2.54 0.35 4.22 1.00 3.63 0.98 - - - 
=, PDGF-BB - # - - - - - 0.025 - 1651.44 426.27 1241.39 170.50 1370.23 266.40 - - - 
à MIP-1B - - - - - - - - - 60.45 3.18 159.07 5.19 169.04 5.34 - - - 
/(—3 RANTES - - - - - - # 0.043 - 5683.14 92579 4763.56 456.24 6404.49 11272199 - - - 
= TNF-a # 0.002 0.003 - - # - - - 70.85 4.36 81.14 4.78 76.86 4.51 - 0.042 - 
>... VEGF - - - - - - ü 0.030 # 1219 T299 126.58 S 113.28 ООЙ - - - 
СЭ IL-1a 0.006 <0.001 0.005 - 0.017 # - - - 21.46 3.21 32.58 3.78 22.07 3.02 # - - 
Al IL-2Ra - 0.014 # # - - 0.008 0.017 # 68.48 TEN 91.07 1253 89.23 10.26 - - - 
`u IL-3 - 0.003 # - 0.014 0.039 - - - 0.38 0.05 0.77 0.11 0.45 0.05 0.017 - - 
= 911-12 (p40) 0.004 <0.001 0.003 0.049 - - - - - 56.36 29.38 263.82 46.56 207.24 51.43 - # - 
p» IL-16 0.049 - 0.035 - - - - - - 56.54 15.36 48.52 18.26 154.14 65.84 - - - 
шшш 11-18 0.004 0.00 0.008 # 0.017 - - 0.025 - 11.64 28.12 79.63 8.04 95726 12.86 - - - 
е СТАСК # 0.006 0.019 - - - # # - 496.00 83.70 641.32 88.69 728.05 174.99 - - - 
TA GRO-a = = = = = 0.040 - - - 669.95 20.46 657.17 23.28 723.07 51.58 - - - 
\U HGF 0.037 0.006 0.013 0.005 0.025 0.019 0.028 # # 305.64 121.51 875.59 354.58 518.05 322.31 - - - 
=  IFN-a2 0.015 0.00 0.012 - - - - - - 16.63 2.47 18.58 1:37) ШЙ ӨЗ) 1.02 - - - 
- LIF 0.047 0.00. 0.018 - - - - - - 12.58 7.97 28.11 6.11 5.77 4.54 # - - 
= MCP-3 0.036 0.003 0.012 - - - - - - 443 1.35 7.29 1299 6.81 2e) - # - 
. M-CSF 0.001 0.00. 0.003 - 0.017 # - # - 39.97 8.50 32.22 3.53 32.31 3.97 - - - 
єз MIF # - - - 0.020 - - # - 1295.66 173.44 ШӨ? o 1511.60 325.36 - - - 
| MIG 0.011 0.00. 0.005 - - - 0.021 0.020 # 469.21 258.66 939.15 390.93 749.79 489.35 - - - 
b-NGF 0.017 0.002 0.005 - - - - - - 1.49 0.18 255 0.42 2.04 0.25 0.047 0.015 - 
SCF - 0.007 0.019 - - - - - - 58.44 8.34 78.61 12.45 78.51 16.59 - - - 
SCGF-B 0.037 0.017 # - # - 0.028 0.005 0.040 84399.44 14867.23 93153.33 14483.77 78223.91 18421.01 - - - 
SDF-10 - - # - - - - - - 761.70 52.72 750.62 33.61 846.56 78.83 - - - 
TNF-B - 0.00 0.001 - # # # - - 0.91 0.57 29 (5 1.62 0.52 # # - 
TRAIL 0.002 0.00. 0.003 # # - - - - 43.32 3.81 39.70 ПЖ 45.13 431 - - - 
P^ value: Healthy vs 2019-пСо\/ patients (Оау0-7) P^ value: Bacteria patients vs 2019-nCoV patients (DayO-7) P? value: H7N9 patients vs 2019-nCoV patients (Day0-7) Р! value : 2019-nCoV patients (Day0-7) vs 2019-nCoV patients (Day8-14) 
P^ value: Healthy vs 2019-nCoV patients (Day8-14) P* value: Bacteria patients vs 2019-nCoV patients (Day8-14) P" value: H7N9 patients vs 2019-nCoV patients (Day8-14) P* value : 2019-nCoV patients (DayO-7) vs 2019-nCoV patients (Day15-) 
Р value: Healthy vs 2019-nCoV patients (Day15-) Р! value: Bacteria patients vs 2019-nCoV patients (Day15-) P' value: H7N9 patients vs 2019-nCoV patients (Day15-) Р! value : 2019-nCoV patients (Day8-14) vs 2019-nCoV patients (Day15-) 
# P value [0.05,0.1), - : P value >0.05 
8 samples from 8 healthy control, 8 samples from 8 bacteria-infected patients, 8 samples from 8 H7N9-infected patients, 7 samples from 7 2019-nCoV-infected patients (DayO-7), 13 samples from 9 2019-nCoV- infected patients (Day8-14) and 5 


samples from 5 2019-nCoV- infected patients (Day15-). 


Extended Data Table 4. Detection of 2019-nCoV at respiratory and non-respiratory sites. 


2019-nCoV 
Total Severe Mild 
Nasopharynx 
Detectable RNA (n/N) Throat 8/11 5/7 3/4 
Sputum 7/10 6/6 1/4 
Ct Values (Median; range) Throat 30 (23-36) 29.2 (25-36) 30 (23-35) 
29.1 28.3 
Sputum 34.3 
(20-34.7) (20-33.4) 
BLAF 
Detectable RNA (n/N) 3/5 3/4 0/1 
Ct Values (Median; range) 24 (19-26) 24 (19-26) U 
Plasma 
Detectable RNA (n/N) 0/12 0/8 0/4 
Ct Values (Median; range) U U U 
Rectum 
Detectable RNA (n/N) 2/7 1/5 1/2 
Ct Values (Median;range) 27.5 (27-28) 28 27 


U: Undetected. 


Throat swabs were obtained after 4—18 d (median 10) of illness. 


Sputum were obtained after 4—17 d (median 9.5) of illness. 


Plasma samples were obtained after 7—10 d (median 9) of illness. 
Rectal swabs were obtained after 4—16.5 d (median 9.5) of illness. 


